I. INTRODUCTION
From studies of baryon spectroscopy and internal structures, the picture of some baryons having large five-quarkfraction was proposed [1] [2] [3] [4] [5] . The penta-quark picture can naturally solve some puzzles in classic three-constituent-quark models, for example for the J P = 1 2 − baryons why N * (1535) is heavier than Λ * (1405) [2] . For the lowest mass strange baryon, the penta-quark models [1, 6] predict a Σ * ( The effective Lagrangians and coupling constants relevant to the γN → K + Σ * reaction used in this article are taken from Refs. [9, 18] and are listed below for completeness, and the interested reader can consult Refs. [9, 18] for more details.
For the t-channel K meson exchange:
with the isospin structure of KΣ * N coupling,
where the coupling constant f KN Σ * 3/2 = −3.22 ± 0.04 [18] and g KN Σ * 1/2 = 1.34 ± 0.07 [9] .
For the s-channel of nucleon exchange, the effective Lagrangian for the γN N vertex is
where Q N is the electric charge (in units of e), and κ N denotes the magnetic moment of the nucleon:
κ n = −1.913 and κ p = 2.793.
+ ) process has s-channel spin- 
and
where F µν = ∂ µ A ν − ∂ ν A µ , R µ and R µα denote the spin- 
For the ∆ resonances of isospin- 
We consider three two-star-rated resonances in the s channel, [18] . The coupling constants f 1 and f 2 can be either computed by using Eq. (B3) in Ref. [18] from the helicity amplitudes in the PDG [19] or from the model predictions. For the γN ∆ coupling, we have f 1 = 4.04 ± 0.20 and f 2 = 3.87 ± 0.19 [18] . From the predicted helicity amplitudes in Ref. [20] , one has f 1 = −1.25 and f 2 = 1.21 for the γpN * (2120) coupling; f 1 = 0.381 and f 2 = −0.256 for the γnN * (2120) coupling; f 1 = 0.39 and f 2 = −0.57 for the γN ∆(1940) coupling, and f 1 = −0.68, f 2 = −0.062 for the γN ∆(2000) coupling [9] . For the ∆KΣ * coupling, h 1 = 2.000 ± 0.006 and h 2 = 0 are obtained from h 1 = −f K∆Σ * / √ 3 with f K∆Σ * = −3.46 ± 0.01 [21] . For the resonances coupling to the KΣ * , the coupling constants h 1 and h 2 can be computed by using Eqs. (B11)-(B18) in Ref. [20] from the model-predicted amplitudes G(l) [22] . For the u-channel Λ(1116) exchange in the γp → K + Σ * 0 reaction, the effective Lagrangians are
where f 1 = 4.52 ± 0.32, f 2 = 5.63 ± 0.45 are obtained from the decay width Γ(Σ * 3/2 → Λγ) and g γΛΣ * 1/2 = 1.16. From the flavor SU(3) symmetry relation, one has g KN Λ = −13.24 ± 1.06 [18] .
For the u-channel Σ * exchange, the effective Lagrangians are
with
where Q Σ * is the electric charge (in units of e), and κ Σ * denotes the anomalous magnetic moment of Σ * : κ Σ * 0 3/2 = 0.36 and κ Σ * − 3/2 = −2.43 are taken from the quark model [23] , and κ Σ * 0
and κ Σ * − 1/2 = −1.74 are predicted by the penta-quark model [6] .
To take account of the off-shell effects, every vertex of these channels has been given a form factor. For the t-channel K meson exchange, we use the form factor [18] 
where q t = k − q. We adopt Λ M = 0.83 GeV for Σ * 3/2 and Λ M = 1.6 GeV for Σ * 1/2 [9] . For the s-channel N and ∆ exchange, the u-channel processes, and the Σ * Λπ vertex, we adopt the form factor [18] 
where the q ex and M ex are the 4-momentum and the mass of the exchanged hadron, respectively.
For the s-channel resonances exchange, the form factor is
with the cutoff parameter Λ B = 1.0 GeV [18] . Note in this paper that we only study the nearthreshold physics so the difference between the Gaussian form factors and the more justifiable dipole form factors is small. We have checked that using the dipole form factors for all baryons, the numerical differences are within 1%.
The contact term in Fig. 1(d) is required to keep the full amplitude gauge invariant. For the process γp → K + Σ * 0 3/2 , we adopt the contact current [18, 24] M µν c = ie
where C ν is expressed as
Here the Lorenz indexes µ and ν couple to that of Σ * 3/2 and the photon, respectively; f t = F 2 M and f s = F 2 B (s, M N ) are form factors squared; and t = q 2 t and s = q 2 s ; h is a parameter to be fitted to experiments; and h = 1 is used in Ref. [18] . For the process γp → K + Σ * 0 1/2 , the contact current is
where h = 1 is adopted. For the reaction γn → K + Σ * − 3/2 , the contact current is [24] 
where
is the form factor squared, and u = q 2 u is the squared momentum transfer for the u channel. According to Ref. [9] , h = 1.11 is taken assuming there only exist Σ * ( 
where C ν is expressed as Eq. (25), and here h = 1 is taken.
All the ingredients of the γN → K + Σ * reaction are given above, and now we list the effective Lagrangians of the Σ * Λπ vertex [8, 25] :
where g ΛπΣ * 3/2 = 9.16± 0.66 is obtained from the decay widths of Γ(Σ * 3/2 → Λπ) [19] , and g ΛπΣ * 1/2 = 2.12 ± 0.33 is obtained assuming the fitted result of the Σ * 1/2 decay width in Ref. [7] is contributed totally by the Λπ channel.
Further more, we need the propagators of intermediate particles to calculate the Feymann diagrams. For t-channel exchange K meson, the propagator is
For the spin-1/2, spin-3/2 and spin -5/2 baryons the propagators are respectively
where [7] [8] [9] , here we assume its mass be the same as Σ * ( 3 2 + ). Note there are ambiguities when dealing with the high-spin off-shell particles [26] [27] [28] , since here we are using a tree-level approach and possible effects might be partially encoded into the phenomenological coupling constants which are constrained by the experiments. Also, these uncertainties of off-shell effects might be partially effectively included into the form factors, and in this paper the values of the cutoff parameters Λ M and Λ B are taken from Refs. [15, 18] , gotten by fitting the γp → K + Σ * 0 data. So the description of high-spin particles used here can properly explore the phenomenological physics.
The differential cross section for γN → K + Σ * → K + πΛ can be expressed as
where k and q denote the 3-momenta of photon and K + in the c.m. frame respectively, and p π is the 3-momenta of the produced π in the Σ * rest frame; dΩ = 2πd cos θ, and θ denotes the angle of the outgoing K + relative to beam direction in the c.m. frame; dΩ ′ = d cos θ ′ dφ ′ is the sphere space of the outgoing π in the Σ * rest frame, and θ ′ is the angle between the π direction and the K + direction in the c.m system of the πΛ; m πΛ is the invariant mass of π and Λ, which satisfies
With the z-axis being the direction of motion of the photon and the x-z plane being the reaction plane, the polarization vectors for right-and left-handed photons are
For the polarized nucleon we use the projection operators [29] 
where λ = ± 1 2 is the helicity of the nucleon and s = (
III. RESULTS AND DISCUSSION
With the formalism and ingredients given above, we compute the helicity cross section σ + ) produced process is about 40 as in Fig. 3 (a) . For the γp → K + Σ * 0 (
comes mainly from the t-channel K exchange and the s-channel N exchange, while in + ) exist, which can be seen in Fig. 3 (a) .
For the γn → K + Σ * − ( K + π − Λ process, the major contribution is from the t-channel K exchange. As can be seen in are different, as shown in Fig. 2 (b) .
Also, in Fig. 3 (b) , the ratios of σ Another way to investigate the spin of the Σ * is to utilize the angular distribution of the π in the πΛ center-of-mass system. Near threshold, the final πΛ state is in the relative p wave from the decay of Σ * ( − ). In Fig. 4 and Fig. 5 , we show the angular distribution of the π in the πΛ center-of-mass system for the γN → K + Σ * → K + πΛ process assuming there exist only Σ * ( In the γp → K + Σ * 0 → K + π 0 Λ process for σ 1/2 , the interference term changes more slowly than the pure Σ * ( 
IV. SUMMARY
In this paper, we study the reactions γN → K + Σ * (1385) → K + πΛ near threshold within an effective Lagrangian approach. Recent studies indicate that near the mass of Σ * ( 
processes. The shaded areas correspond to the error bands. 
